The presence of a Salmonella serotype Enteritidis repeat element (SERE) located within the upstream regulatory region of the sefABCD operon encoding fimbrial proteins is reported. DNA dot-blot hybridisation analyses and computerised searches of genetic databases indicate that SERE is well conserved and widely distributed throughout the bacterial and archaeal kingdoms. A SERE-based polymerase chain reaction (SERE-PCR) assay was developed to fingerprint 54 isolates of Enteritidis representing nine distinct phage types and 54 isolates of other Salmonella serotypes. SERE-PCR identified five distinct fingerprint profiles among the 54 Enteritidis isolates; no correlation between phage types and SERE-PCR fingerprint patterns was noticed. SERE-PCR was reproducible, rapid and easy to perform. The results of this investigation suggest that the limited heterogeneity of SERE-PCR fingerprint patterns can be utilised to develop serotype-and serogroup-specific fingerprint
Introduction
Several short, non-coding, inter-cistronic repetitive DNA sequences have been identified in prokaryotes [ 11, including the repetitive extragenic palindrome (REP) [2-41, enterobacterial repetitive intergenic consensus (ERIC) [5, 61 and BOX elements of Streptococcus pneumoniae [7] . The highly conserved nature and the widespread distribution of these repeat sequences in the bacterial genome have facilitated their use in the genetic fingerprinting of bacteria -for example, repetitive sequence-based polymerase chain reaction (rep-PCR), in which a DNA sequence, similar or identical to the repeat sequence, is used as primer to generate a specific pattern or genomic DNA fingerprint [ 1, 8, 91 . In previous studies, rep-PCR-generated fingerprints have been found to be species-or strainspecific and have proved useful for strain typing . Because of its ease of use and discriminatory power, rep-PCR has become an important tool with which to fingerprint bacteria involved in outbreaks of disease and to determine the sources and vehicles of transmission [ 1, 10-121. In this study, the existence of a novel, highly-
Materials and methods

Bacterial strains
The properties of 54 isolates of S. Enteritidis (Table 1) and 54 isolates of other serotypes of Salmonella of diverse 0-serogroups (Table 2 ) used in this study are shown. The sources of other bacterial species used in dot-blot hybridisation assays have been described previously [ 131. Strains of Salmonella Typhi (2304), Citrobacter diversus (5403 ), Enterobacter sakazakii (4584) and Str. pneumoniae (424) were kindly provided by Dr E. 0. Mason, Texas Childrens Hospital, Houston, TX, USA. Other strains were from the culture collections of the authors.
Isolation of chromosomal DNA
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RDNC, reacts but does not conform to specific phage type; NK, not known. *Isolates designated Call-Cal8 and Call 1 -Call7
Oligonucleotide synthesis and PCR analysis
All synthetic oligonucleotide primers used in these studies were obtained from Integrated DNA Technologies Inc. (Ames, IA, USA) or the Nucleic Acids Core Facility (Dept of Molecular and Human Genetics, Baylor College of Medicine, TX, USA). Reagents and enzymes used for PCR were obtained from Perkin Elmer (Foster City, CA, USA). Amplification reactions were performed in 30-pl volumes with primer 50 pmol, 5 mM MgC12 and genomic DNA 100 ng as a template in a DNA thermal cycler (Perkin Elmer, Cetus 480). Amplification reactions were performed twice to confirm assay reproducibility. Conditions for amplifica- tion included an initial denaturation at 95°C for 5 min, followed by 35 cycles of denaturation (94°C for 1 min), annealing (50°C for 1 min), extension (72°C for 2 min) and a final extension (72°C for 15 min). PCR products were analysed on an agarose gel 1.5% w/v, stained with ethidium bromide 0.5 mg/L and photographed under UV transillumination.
5' End-labelling of oligonucleotide probe
Oligonucleotide primer SERE (50 pmol) was endlabelled with 5 pl of [Y~~P]ATP (specific activity 4500 Ci/mmole; ICN Pharmaceuticals Inc., Costa Mesa, CA, USA) and T4 polynucleotide kinase (New ma1 DNA from specific bacterial and archaeal species (Fig. 2) . Chromosomal DNA (100 ng) was diluted in distilled water 300 pl, heated at 100°C for 5 min and spotted on to a hybridisation membrane. DNA was denatured in situ with 0.4 N NaOH, rinsed with 1 X SSC (0.15 M NaC1, 0.015 M trisodium citrate), dried by blotting with filter paper and baked at 80°C for 1 h. Hybridisation solution was prepared as described previously [ 131. The membrane was prehybridised at 65°C for 2 h and hybridised at 65°C for 18 h with denatured radiolabelled probe. After hybridisation, the blot was washed twice with 2 X SSC at room 
Southern blot hybridisation
Chromosomal DNA (1 pg) from various bacterial and archaeal species was digested with combinations of restriction endonucleases: either Barn HI/Eco RI or Barn HI/Eco RI/HindIII or Barn HI/Hind 111. The restriction endonucleases were used at 40 U/reaction and digestion was at 37°C for 12 h. Digested DNA samples were separated on an agarose gel 1% w/v, stained with ethidium bromide 0.5 mg/L and transferred to a Sure Blot Hybridisation membrane by capillary transfer at room temperature for 15 h. DNA on the membrane was prehybridised and then hybridised with end-labelled oligonucleotide probe, and blots were developed as described above.
Results
A repetitive DNA sequence (SERE)
Single primer-based PCR with sequence 5'-GTGAG-TATATTAGCATCCGCA resulted in amplification of several distinct DNA fragments of 400-2500 bp from Enteritidis chromosomal DNA (Fig. la) . One copy of this repeat sequence, designated S. Enteritidis repeat element (SERE), is located within the regulatory region (Fig. lb) X03928  x74595  D10257  M38777  U32784  U30903  X53824  X67300  250191  LO7270  L38484  M85154  X7878 1  576860  X77304  M65808  L37784  X64256  M3 143 1  U 14469  M93 187  L29189  M68865  X12647  L14581  X04832  M22468  X68435  L32090  U19364  u00020  L32796  M63670  M18272  M86823  LO9116  L 19300  U04620  M38386  X54225  M5 846 1  D12512 The computerised database search revealed a SERE consensus sequence 5'-GTGANTNN"TTNGCNCN-GCA (5'-GTGANTDTNNTANCATCNGCA for gramnegative and 5 ' -GNGAGTANNNTADCANCCGCA for gram-positive bacteria at 70% sequence homology) present in species belonging to at least 42 genera of eubacteria and two genera of archaea (Table 3) . Examination of the SERE element suggests the presence of a relatively well-conserved promoter-like he xanuc 1 e o t i de consensus ( TSOO,& 5 o/oA60% A~o % T96%) at nucleotide positions 6-12, and a highly conserved trinucleotide sequence 5'GCA at the 3' end of the sequence. The presence of a promoter-like sequence suggests that SERE may be present within the regulatory region of bacterial genes, as is present upstream of the sefABCD operon, and that it may influence gene expression.
Conservation of SERE among different bacterial genera
To assess the conservation of SERE among eubacteria and archaea, a dot-blot assay was developed with specific chromosomal DNA from eubacterial and archaeal species belonging to seven phyla (Fig. 2) . 
3
Results of that analysis suggest that SERE was widely distributed among different genera in both eubacterial and archaeal kingdoms. Furthermore, hybridisation of restriction endonuclease-digested chromosomal DNA from several selected species with radiolabelled SERE oligonucleotide probe supported the dot-blot results and showed that multiple dispersed copies of SERE are present in the genomes of many divergent bacterial phyla (data not shown). Moreover, single primer amplification with SERE of chromosomal DNA yielded results consistent with those from dot-blot hybridisation (Fig. 3) . Thus, complex SERE-PCR amplification patterns were observed with many of the species that reacted strongly by dot-blot. Together, these results indicate that SERE is well conserved amongst several distinct genera within eubacterial and archaeal kingdoms.
Application of SERE for genetic fingerprinting of Enteritidis isolates
The results of SERE-PCR analysis showed that 54 Enteritidis isolates belonging to nine phage types could be assigned to five closely related SERE-PCR patterns, designated A-E (Fig. 4) belonging to phage types 1, 4, 7 and RDNC were assigned to pattern B; 35 isolates belonging to phage types 7var, 8 9b, 13, 13a, 14b, 28 and NK were assigned to pattern C; and one isolate each of phage types 4, 14b and RDNC were assigned to patterns A, D and E, respectively ( Table 1 ). The index of discrimination (D) [17] of SERE-PCR for these 54 Enteritidis isolates was 0.50, a value considerably less than that achieved with phage typing (D = 0.86).
SERE-PCR fingerprinting of other Salmonella serotypes
When a series of 54 strains of other serotypes of Salmonella, including 12 of other 0-serogroup D serotypes, was analysed by SERE-PCR, unique fingerprint patterns were obtained for most of the serotypes examined (Fig. 5) . The SERE-PCR fingerprint patterns of Enteritidis strains were distinct from those of other salmonellae, including those of other serogroup D serotypes, suggesting that SERE-PCR may be useful for genetic fingerprinting of serotypes of diverse Salmonella serogroups.
Discussion
A novel repetitive DNA sequence, SERE, identified on the chromosome of Salmonella serotype Enteritidis has been shown to be present in a wide range of species REP sequences have also been found to bind DNA polymerase I and DNA gyrases and are believed to be involved in the folding of the nucleoid into independent super-coiled looped domains [ 18, 19, 22, 231 . Alternate hypotheses for the widespread conservation and dispersal of these elements include the suggestion that they may propagate themselves as selfish DNA by gene conversion through RNA intermediates [24] , or that they serve as recombination sites [25] , and frequent exchange of information by recombination at these sites may serve to retain these repeated elements with a high degree of sequence conservation. Although the results of this investigation do not exclude any of these hypotheses, the presence of SERE in the regulatory region of bacterial genes, as well as the presence of promoterlike elements and evidence of secondary structures, suggest that SERE may be involved in the regulation of gene expression by mediating DNA-protein interactions.
In general, species that reacted strongly in the dotblot assay yielded complex SERE-PCR patterns and vice versa (Figs. 2 and 3 (Fig. 3) . These results may partly reflect an altered GC content in these species. The results of this investigation showed SERE-PCR to be less discriminatory than phage typing, a finding that may suggest that resistance or susceptibility to bacteriophages is under strong evolutionary pressure and, hence, evolving at a more rapid rate than the rest of the bacterial genome. The five distinct SERE-PCR fingerprint patterns identified among isolates of Enteritidis were very similar. This limited heterogeneity of fingerprint patterns among Enteritidis isolates from various distinct host species and geographic locations may reflect either a relatively recent origin of serotype Enteritidis or a widespread dissemination of one highly virulent Enteritidis clone. These hypotheses are consistent with the findings of a multilocus enzyme electrophoretic analysis of Enteritidis isolates that revealed a restricted genetic diversity in this serotype and showed that most (93%) Enteritidis isolates from world-wide sources were represented by one clone, En1 [26] . Analysis of Enteritidis strains from sporadic cases and outbreaks by pulsed field-gel electrophoresis and ribotyping have also indicated the limited genetic diversity of this serotype [27] .
In conclusion, the results of the present investigation show that the paucity of heterogeneity in SERE-PCR fingerprint patterns may be utilised to develop speciesand serogroup-specific fingerprint patterns for isolates of S. Enteritidis. Further studies to determine whether the amplified fragments are unique to S. Enteritidis are in progress.
